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monitors a number of variables within a refrigerant
circuit including both environmental and refrigerant
conditions and arrives at expected refrigerant condi
tions utilizing the sensed environmental conditions. The
sensed refrigerant conditions are compared to the ex
pected refrigerant conditions, and alarms are actuated
should the two differ by more than a preset amount.
The refrigerant loss prevention system continues to
operate when the refrigerant circuit is off to identify
leaks even during long periods of down time, such as
winter.
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5,009,076

REFRGERANT LOSS MONTOR

BACKGROUND OF THE INVENTION
This invention relates to a method and apparatus for
monitoring refrigerant conditions within a refrigerant
circuit and comparing the monitored conditions to de
sired conditions. More particularly, the present inven
tion discloses a method and apparatus for actuating a
signal should the monitored conditions differ from de
Modern air conditioning systems are relatively com

5

ably be expected during normal operating conditions of

the air conditioning system. Thus, these preset alarm
limits cannot accurately monitor the refrigerant circuit

O and detect a small leak.

sired conditions.

plex and may comprise a number of monitors and con
trols. These systems have compressors that can operate 15
at various gradations of capacity between zero and 100
percent, depending on the load on the air conditioning
system. Thus, if the load on the system is high, the
compressor will be operating near full capacity, while if
the load is low, the compressor will be at a relatively
low capacity. In addition, air conditioning systems are 20
typically in an off state for a large portion of the calen
dar year. During the winter months, air conditioning
systems remain inactive for long periods of time.
Recently, it has become a major concern to prevent
leakage of refrigerant, and in particular chlorofluoro 25
carbons such as freon, into the environment. Among the
steps taken to address this concern are devices for
changing the refrigerant within an air conditioning

system in which the refrigerant within the system is
captured when changed. These steps are taken to pre
vent the escape of refrigerant into the environment,
since refrigerants may damage the ozone layer. Pre
venting escape of refrigerant into the environment is
thus a problem faced in the air conditioning field.
However, many modern air conditioning systems do
not monitor the refrigerant accurately in order to deter
mine whether there may be leakage. In a large air condi
tioning system, even a relatively small leak can amount
in a great deal of refrigerant reaching the environment.
Also, the loss of refrigerant affects the efficiency of the
air conditioning system resulting in greater power us

30

It is therefore an object of the present invention to
disclose a refrigerant loss prevention system which is
sensitive to leakage and actuates an alarm signal when
leakage is detected.
SUMMARY OF THE INVENTION

The present invention discloses a method and appara

tus for monitoring refrigerant conditions within a re
frigerant circuit. A disclosed embodiment of the present
invention includes an air conditioning system compris
ing a refrigerant circuit containing a refrigerant, a com
pressor to compress the refrigerant and means to trans
fer heat from air that is to be cooled to the refrigerant,
wherein a refrigerant loss monitor monitors the refrig
erant in a refrigerant circuit.
Broadly stated, the method of the present invention
involves sensing an environmental condition and identi
fying a desired refrigerant condition by calculating
what at least one refrigerant condition should be due to
this environmental condition assuming there is a correct
amount of refrigerant within the refrigerant circuit. The

refrigerant loss monitor compares the sensed refrigerant

35

age.

Some prior art air conditioning systems do monitor a

2

low-pressure expected at a particular point in an air
conditioning refrigerant system may be different for a
full capacity condition as opposed to a 50 percent ca
pacity condition. Prior art systems that do not vary the
alarm levels necessarily set the alarm levels at the low
termost or highermost condition which could reason

refrigerant condition, typically the pressure, and actu
ate an alarm should that condition reach a preset alarm 45
level. A leak will normally cause a pressure loss and
thus can be identified by monitoring pressure. The prior
art may monitor a refrigerant condition such as the
pressure at a low-pressure point in the air conditioning
system and compare that pressure to a preset alarm 50
level. If the low-pressure is beyond that preset alarm
level, a determination is made that there is some prob
lem in the air conditioning system, and an alarm is actu
ated, often shutting the system down. These types of
systems may monitor both high and low-pressure at 55
various points within the air conditioning system.
These prior art systems do not adequately address the
problem of refrigerant leakage, instead, they merely
compare the actual refrigerant condition to a preset
alarm level. The preset alarm level does not vary with
varying environmental conditions even though the con
ditions within the refrigerant circuit of the air condi
tioning system do vary with varying environmental
conditions. Also, these preset alarm levels do not vary
for variable operating conditions of the air conditioning 65
systems, such as full or partial capacity of the compres
sor, or an off condition of the air conditioning system.
They do not operate at all when the system is off. The

condition to this desired refrigerant condition and actu
ates signals should the two conditions differ by more
than a preset amount.
In this application, the term "differing by more than
a preset amount' includes not only actuating the alarm

should the sensed condition differ from an expected

condition by more than a discrete amount, but also as an
alternative, actuating the alarms should the sensed con
dition exceed the desired condition. In this sense, the
desired condition is much like the alarm levels that are

utilized in the prior art. However, in this invention,
these alarm levels vary with the sensed environmental

conditions.

In a sense the refrigerant loss monitor compares a
normal, or expected refrigerant condition, such as pres
sure, with actual pressures present in the system. The
expected condition is variable with varied environmen
tal conditions. In one embodiment, a memory may con
tain the proper volume of refrigerant and makes a com
parative analysis of volume, pressure and temperature
of the refrigerant. A refrigerant loss monitor makes use

of the fact that a properly charged refrigerant circuit
will maintain known pressures, at a given volume, ambi
ent temperature and load.
In a preferred embodiment of the present invention,
the refrigerant loss monitor includes sensors to sense
both environmental conditions and refrigerant condi
tions and further includes means to identify a desired
refrigerant condition based on the sensed environmental
condition. The means to identify a desired refrigerant
condition utilizes the sensed environmental conditions
and assumes a desired amount of refrigerant within the
refrigerant circuit. From this, the means to identify
reaches a desired refrigerant condition which is com
pared to the sensed refrigerant condition. If the sensed
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refrigerant condition differs by more than a preset

amount from the desired refrigerant condition, an alarm

is actuated to give a signal that there is a problem with
the refrigerant circuit. Although this alarm is utilized in
order to determine whether there is a leakage in the
refrigerant circuit, the problem that is identified could
be a failure of a component of the air conditioning sys

values determined by these tests into the memory.

In the prior art, the alarm levels were set at one level

for any environmental condition. Due to this, the alarm

levels had to be at the most extreme level that could

ten.

The sensed environmental conditions can include the

load on the air conditioning system, which can be deter
mined by monitoring the temperature of the air within a
room to be cooled or by monitoring the temperature of
a cooling water line. In addition, other known means of
sensing the load may be utilized. Another environmen
tal condition is the ambient temperature at the location

O

15

of the air conditioning system. In large office buildings,

this may be an enclosed room. Often, however, the air
conditioning system is mounted upon the roof of the
building. Further, the outdoor temperature may be
sensed. Also, the operating condition of the compressor
may also be sensed. The compressor may be running at
any percentage of capacity between zero and 100 per
cent. The air conditioning system could be shut off, for

instance during the winter months or when it is not
necessary to cool the air and this state would also be
considered.
The sensed refrigerant conditions may include the
superheat of the refrigerant, the pressure of the refriger
ant, at both high-pressure and low-pressure locations
and the refrigerant temperature within a refrigerant
receiver may be sensed.
In a most preferred embodiment of the present inven
tion, all of these sensed readings are connected into a
microprocessor which determines desired refrigerant
conditions based upon the sensed environmental condi
tions and compares the sensed refrigerant conditions to
the desired refrigerant conditions. The microprocessor
actuates alarms if the desired and sensed refrigerant
conditions differ by more than a preset amount.
In a most preferred embodiment, a refrigerant loss

20

25

30

present invention includes a memory that assigns a par
ticular expected low-pressure condition to the particu
lar sensed environmental condition and accurately de

possibly be expected under any operating conditions of
the air conditioning system. With the present invention,
the alarm levels vary and are tailored to the actual
operating condition of the system and thus are much
more sensitive to any leakage in the refrigerant circuit.
In one embodiment of the present invention, the re
frigerant loss monitor continues to monitor the amount
of refrigerant within a refrigerant circuit even when the
air conditioning system is shut down, or off. A leak can
occur during the winter and by monitoring the system

while it is shut down, the refrigerant loss monitor accu
rately predicts when a refrigerant loss is occurring be

fore any substantial amount of refrigerant has leaked
from the system.
In a preferred embodiment of the present invention,
the refrigerant loss monitor monitors the low-pressure
of the refrigerant in a refrigerant reservoir during an off
period. Also, the ambient temperature is sensed during
the off period. By utilizing the ambient temperature, a
prediction can be made as to what the low-pressure in
the reservoir should be, assuming there is the proper
amount of refrigerant within the refrigerant circuit.
Should the sensed low-pressure refrigerant pressure in
the reservoir differ from this expected refrigerant pres
sure an alarm can be actuated.

35

monitor, which includes a microprocessor, has a mem
ory which includes a number of data entries, such as the
refrigerant tables for the particular refrigerant utilized.
In addition, the desired amount of refrigerant within the
refrigerant circuit is retained in memory. Also, the re 45
frigerant loss monitor may be provided with means to
utilize perfect gas laws to perform calculations utilizing
the sensed conditions. A working memory of the refrig
erant loss monitor may include a number of items, such
as the environmental sensed conditions mentioned 50
above. For instance, it may not be necessary to sense
ambient temperature as frequently as the refrigerant
conditions are sensed. An ambient temperature reading
could be stored in the working memory, and new read
ings taken periodically.
55
In one embodiment of the present invention, a single
environmental condition is sensed, such as outdoor
temperature, and a expected refrigerant condition is
determined utilizing this sensed environmental condi
tion. As an example, the expected low-pressure reading
can be compared to the actual sensed condition. Should
this sensed condition exceed the expected condition an
alarm can be actuated. The expected condition varies
with the sensed environmental condition, and a refriger
ant loss monitor as disclosed by this embodiment of the

4.

termines whether a refrigerant loss is occurring. The
expected values could be determined experimentally by
testing a unit to identify normal values and entering

65

During the off-state, it is preferable to monitor pres
sure at a position likely to contain refrigerant in both a
liquid and vapor state. This would be on the low pres
sure side of the refrigerant circuit. In a position having
both liquid and vapor pressure temperature corresponds
to pressure and refrigerant leakage can be accurately
monitored.

The necessary formulas for performing the calcula
tions are all well known in the thermodynamics art and
need not be restated here. By adding to the number of

sensed variables, the degree of precision of the resulting

desired refrigerant condition and the identification of a
problem within the air conditioning system may be
made more sensitive.

Preferably, a communications port is connected into
the refrigerant loss monitor allowing access from an

operator or computer system to override the refrigerant
loss monitor or enter any additional information.
It should be understood that while an air conditioning
system is disclosed, this invention has application in any
refrigerant circuit.

These and other objects and features of the present
invention can be best understood from the following
specification and drawings, of which the following is a

brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a refrigerant

circuit.

FIG. 2 is a schematic diagram showing the refriger
ant loss monitor of the present invention.
FIG. 3 is a schematic diagram of the refrigerant loss
monitor illustrated in FIG. 2.

FIG. 4 is a logic flow chart.

5
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DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

An embodiment of the present invention will be dis
closed with reference to FIGS. 1-4. FIG. 1 is a sche

matic illustration of refrigerant circuit 10 for an air
conditioning system. It should be understood that the
refrigerant circuit as disclosed by the present invention
can be utilized with other types of refrigerating systems
and is not limited to air conditioning systems.
The refrigerant circuit 10 of the present invention
includes compressor 12 for compressing the refrigerant,

6

prevention system 22 to a small leak in refrigerant cir
cuit 10. As an example, if four environmental conditions
are sensed along with four refrigerant conditions, and it
is assumed that three of the refrigerant conditions are
accurate it would be possible to very accurately predict

what the fourth refrigerant condition should he, pro

10

vided the amount of refrigerant is as expected. Once the
necessary calculations have been made, the fourth
sensed refrigerant condition can be compared to this
expected refrigerant condition and alarms actuated

should the two amounts differ by even a small amount.

On the hand, it may be preferable to sense a smaller
number of conditions and allow a greater difference
between the expected and sensed refrigerant conditions.
15 Although such a system may not be as sensitive, it
would be less complex.
If the expected refrigerant conditions differ from the
sensed refrigerant conditions by more than a preset
amount, refrigerant loss monitor 38 actuates alarms 40,
20 which may give an indication as to exactly which refrig
tems for large buildings may have additional features, erant condition differs from an expected condition.
such as refrigerant storage receivers in the refrigerant Alarms 40 may be audio or visual and may feed into
lines. The refrigerant circuit 10 illustrated in FIG. 1 is energy management system 42 of a building climate
an overly simplified schematic diagram which is in control system, as is commonly found in large office
cluded only as an example of one type of system to 25 buildings, for instance.
which the present invention can be applied.
The various pressure and temperature sensors may be
FIG. 2 shows refrigerant circuit 10 connected to well-known items mounted within the refrigerant lines.
refrigerant loss prevention system 22. Refrigerant loss Alternatively, pressure transducers 26 and 28 may be
prevention system 22 includes superheat sensor 24, ultrasound pressure transducers that are mounted out
high-pressure pressure transducer 26, low-pressure 30 side the refrigerant lines.
pressure transducer 28, and refrigerant temperature
The details of refrigerant loss monitor 38 are shown
sensor 30, all connected into air conditioning refrigerant in FIG. 3 in which microprocessor 46 is illustrated
circuit 10. The refrigerant conditions are supplied to having program memory 48 and working memory 50.
monitor 38. Superheat sensor 32 is preferably positioned Program memory 48 includes the code for the micro
on a compressor suction line. A saturation temperature 35 processor and also may include fixed data for the partic
can be identified from refrigerant tables and subtracted ular air conditioning refrigerant circuit 10. Among the
from the sensed superheat temperature to determine the fixed data may be refrigerant tables, such as the Mollier
superheat of the suction side refrigerant. High-pressure diagram, the perfect gas laws, the desired amount of
sensor 26 is positioned at a compressor discharge line. refrigerant for that particular refrigerant circuit and
Low-pressure transducer 28 may be on either the evap other conditions which will not vary during the opera
orator outlet or the compressor suction line. Refrigerant tion of refrigerant circuit 10.
temperature sensor 30 is preferably positioned on a
Working memory 50 may include short-term memory
refrigerant receiver. These inputs may be defined as items such as sensed ambient temperature 32 or sensed
refrigerant conditions.
outdoor temperature 34. The environmental conditions
Ambient air temperature sensor 32, outdoor air tem 45 may be sensed less frequently than the sensed refriger
perature sensor 34, and load sensor 36 all supply signals ant conditions and stored in working memory 50 for a
to refrigerant loss monitor 38. These inputs may be period of time. As an example, since the outdoor tem
defined as environmental conditions. Refrigerant loss perature sensed through outdoor temperature sensor 34
monitor 38 may also receive a signal of the operating will not vary greatly over time it only need be sensed
capacity of compressor 12 in air conditioning refriger 50 once each discrete time element and can be stored
ant circuit 10, including whether compressor 12 is at full within working memory 50. For instance, it may only
capacity, some percentage of partial capacity or at an be necessary to sense ambient temperature or outdoor
off condition. Refrigerant loss monitor 38 compares the temperature once every hour. It is preferable that re
various sensed signals and by utilizing at least one envi frigerant conditions 24, 26, 28 and 30 would be sensed
ronmental condition determines what at least one of 55 much more frequently than that.
refrigerant conditions 24, 26, 28 and 30 should be. That
Communication port 52 allows an operator to inter
is, refrigerant loss monitor determines at least one de face with microprocessor 46 and also allows refrigerant
sired or expected refrigerant condition. Refrigerant loss loss monitor 38 to be connected to energy management
monitor then compares the sensed refrigerant condi system 42. Port 52 allows program tuning and is a stan
tions to the expected refrigerant conditions.
dard device.
The expected refrigerant conditions can be compared
The various inputs from the sensors are indicated at
to the sensed refrigerant conditions and alarms actuated 54 and are sent to microprocessor 46 through input
should the two differ by more than a preset amount, or multiplexer 56, which is connected to signal condition
alternatively should the refrigerant condition exceed an ing and A/D converter 58. Microprocessor 46 evaluates
expected refrigerant condition. It should be understood 65 the various inputs, as discussed elsewhere, and makes a
that the greater the number of sensed conditions, in determination as to whether there is a problem with the
cluding both environmental and refrigerant conditions, system. Microprocessor 46 then outputs a signal to D/A
that are utilized, the greater the sensitivity of the loss converter 60 which is connected to output multiplexer
condenser 14 for delivering heat from the refrigerant to
the environment, expansion valve 16 for lowering the
pressure of the refrigerant and evaporator 18 for taking
heat from a source of heat to be cooled. Refrigerant
circuit 10 flows from compressor 12 into condenser 14
through expansion valve 16, into evaporator 18 and
then back to compressor 12. It should be understood
that refrigerant circuits utilized in air conditioning sys
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one of the sensed refrigerant conditions is accurate.

7
62. Output multiplexer 62 is connected to a plurality of
actuators 64 which actuate the various alarms or signals

From this, other refrigerant conditions may be pre

40. Clock 66 is connected to microprocessor 46 and

operates in a known manner.
These details of signal handling, including both the
input and output of signals from microprocessor 46

5

40 are actuated.

form no part of this invention, and other known types of

signal handling may be utilized. As an example a digital
output may be utilized.

Microprocessor 46 utilizes sensed environmental con
ditions and compares them to data within its memories
in order to make a determination as to an expected
refrigerant condition. Microprocessor 46then compares
that expected refrigerant condition to an actual sensed
refrigerant condition and initiates an output should

O

15

In a preferred embodiment of the present invention,
refrigerant loss monitor 38 monitors the low-pressure 28
of the refrigerant in a refrigerant reservoir during an off

period. Also, ambient temperature 32 and refrigerant
temperature 30 are sensed during the off period. By

preset amount.

As one example, microprocessor 46 may consider the

ambient temperature, outdoor temperature and load,
along with the capacity of the compressor and make a

determination as to what the pressures sensed by pres
sure sensors 26 and 28 should be if there were the
proper amount of refrigerant within the air conditioner
refrigerant circuit 10. This determination could be a
range rather than a single temperature. It may be deter 25
mined, for a particular refrigerant circuit that the sensed
environmental conditions should result in a particular
expected low-pressure. Once that determination is
made, the actual low-pressure sensed by sensor 28 is
30

sensed values differ, an alarm is actuated.

Only one or two of the environmental conditions

need be utilized in order to make a determination as to

an expected refrigerant condition. The fewer the num

ber of environmental conditions utilized in making the

With refrigerant loss monitor 38 of the present inven
tion, the amount of refrigerant is monitored even when
the refrigerant circuit is in an off condition. Throughout
the winter the amount of refrigerant will be monitored,
and signals actuated should the amount differ from an
expected amount.

those two refrigerant conditions differ by more than a

compared to this expected pressure value, and if the

dicted, assuming that the amount of refrigerant is as
desired. Again, should the sensed refrigerant condition
differ from the expected refrigerant conditions, alarms

35

determination of the expected refrigerant condition, the

less sensitive the system is to small leaks. That is, the

more environmental conditions utilized in the calcula

tion, the more accurate the expected refrigerant condi

utilizing ambient temperature 32, a prediction can be
made of an expected low-pressure in the reservoir, as
suming there is the proper amount of refrigerant within
the refrigerant circuit. Should sensed refrigerant low
pressure 28 in the reservoir differ from this expected
refrigerant pressure an alarm is actuated.
Although the specific calculations utilized in order to
determine the expected refrigerant conditions are not
disclosed in this application, they would be well known
to a worker in the art and form no part of this invention.
Additionally, to practice this invention, it is not nec
essary that an expected refrigerant condition be identi
fied to a great degree of accuracy. The expected refrig
erant condition can have a margin of error.
Also, it is possible to determine the amount of refrig
erant, rather than the sensed refrigerant condition. The

sensed conditions including refrigerant conditions can
be utilized to calculate what amount of refrigerant is in
the system. This amount is compared to the proper
amount, which is stored in memory. In this regard, the
amount of refrigerant in the system is a refrigerant con
dition which is "sensed'.

tion will be.

FIG. 4 is a logic flow chart for the present invention.
Conditions are sensed at 100, and may include any of a
plurality of refrigerant or environmental conditions.
These conditions are sent to microprocessor 102 which
also receives data from memory 104. Memory 104 could
have stored environmental conditions that were previ
ously sensed. Microprocessor 102 then determines a
value 106 which could be an expected refrigerant condi

In one disclosed embodiment of the present inven
tion, a single environmental condition is sensed, such as
outdoor temperature, and a desired refrigerant condi
tion is determined utilizing this sensed environmental

condition. As an example, the low-pressure reading 45
expected by a low-pressure monitor at a low-pressure
location in the refrigerant circuit can be compared to
the actual sensed condition. Should this sensed condi
tion exceed the expected condition an alarm can be tion, or the actual amount of refrigerant in the system.
actuated. The expected condition varies with the sensed 50 The value could be determined less frequently than the
environmental condition, and refrigerant loss monitor frequency of sensing refrigerant conditions. If the envi
38 as disclosed by this present invention may include a ronmental conditions are sensed infrequently, the value
memory that would assign a particular expected low may only be determined infrequently. This determina
pressure condition to the particular sensed environmen tion step may be as simple as assigning a predetermined
tal condition. In this way, the present invention may 55 alarm level to a low-pressure reading where the alarm
determine whether there is a problem in the system. The level varies with an environmental condition, such as
problem may be a refrigerant leak, or it could be a load on the refrigerant circuit. However, it may be as
problem with another component.
complicated as using refrigerant tables, gas laws and
In the prior art, alarm levels were set at one level for other thermodynamic equations to reach an exact ex
any environmental condition. Due to this, the alarm 60 pected refrigerant condition or refrigerant amount. This
levels had to be at the most extreme level that could
determined value is then compared 108 to another value
possibly be expected under any operating conditions of that would either be an actual sensed refrigerant condi
the air conditioning system. With the present invention, tion, or a desired amount of refrigerant. If the two val
the alarm levels are varied with the actual operating ues differ an alarm may be actuated 110.
condition of the system and thus are nore sensitive to
leakage in the refrigerant circuit.

As another example, microprocessor 46 may consider

the various environmental conditions and also assume

65

A working embodiment of the present invention has

been disclosed; however, a worker of ordinary skill in
the art would realize that certain modifications would
come within the scope of this invention, and thus the
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9
following claims should be studied in order to deter
mine the true scope of the invention.

10
(b. 4) comparing the expected refrigerant condition to

the actual refrigerant condition and actuating an
alarm should the two differ by more than a preset

What is claimed is:

1. A method of monitoring the refrigerant within a 5
refrigerant circuit, including the steps of:

(b 1) sensing an environmental condition;
(b. 2) cyclically sensing a refrigerant condition;
(b. 3) utilizing at least the sensed environmental condi

amount and wherein steps 1-14 4 are cyclically
repeated even when the refrigerant circuit is shut
down.

2. A method as recited in claim 1, wherein the ex

pected refrigerant condition is determined by further
considering whether the refrigerant circuit is shut down
tion to determine an expected refrigerant condi 10 or running.
tion; and
15
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